creases by a factor of ∼100 over this same range, with the most pronounced heating occurring at L > 7, which was covered by the orbit of MMS.
Introduction
The plasmasphere is the cold and dense extension of the upper ionosphere into the magnetosphere. The plasmasphere is distinguished from other coupled and often overlapping magnetospheric plasmas by its high density (100s to 10,000s cm −3 ) and low temperature (0.1s to 10s eV). Owing to its low temperature, plasmaspheric dynamics are governed almost entirely by E × B drift. The main plasmasphere torus is typically contained within closed E × B-drift paths at lower L-shells Grebowsky [1970] ; Lemaire and Gringauz [1998] .
When the solar wind magnetic field points southward, magnetic reconnection allows the solar wind electric field to fractionally penetrate the magnetosphere, opening previously closed E × B-drift paths and redirecting the previously trapped plasma sunward, forming a plume Grebowsky [1970] ; Sandel et al. [2001] ; Goldstein and Sandel [2005] . The plasmaspheric plume is frequently observed at the noon-to-duskside reconnecting magnetopause [e.g., Walsh et al., 2014] , though the impact on reconnection of this dense and cold plasma remains uncertain. Unresolved topics related to the impact of the plume on dayside reconnection include, but are not limited to: modification (or not) of (1) the local reconnection rate Borovsky et al. [2008] ; Borovsky [2013] ; Wang et al. [2015] ; Fuselier et al.
[2017], (2) the global reconnection rate Lopez et al. [2010] , (3) [2014] . Within the plasmasphere main torus, the density and temperature are inversely related Comfort et al. [1985] ; Comfort [1986 Comfort [ , 1996 . Genestreti et al. [2017] found a positive correlation between the plasmaspheric proton temperature and the density of ring current ions within the plasmasphere main torus, which they tentatively attributed to wave particle heating. Based on statistical analysis of Time History of Events and Macroscale Interactions during Substorms (THEMIS) data, [2014] found that plasmasphere-like ions at large radial distances (R > 5 R E ) were generally hotter in the afternoon sector than elsewhere, which they attributed to heating within the plume. Additional observations of plume ions at the magnetopause have showed that the plume is significantly hotter and more energetic than the plasmasphere main torus.
Lee and Angelopoulos
In this study, we derive scaling relations between the density, temperature, and L- have been used to examine the micro-scale influence of the cold plume ions on dayside reconnection Toledo-Redondo et al. [2016] . For the first time, we use in situ data from a single event to track the temperature and density of the equatorial plasmasphere from the proton radiation belt, to its outermost extent, the magnetopause.
In the following section, we describe the data used in this study and the means by which we determine densities and temperatures. In Section 3, we detail the state of the plasmasphere during the 22 October 2015 conjunction event and derive scaling relations, which show a factor of 1000 decrease in the density and a factor of 100 increase in the temperature from the plasmapause near L ≈ 2 to the dayside reconnection site. We also find that the density scales as L (−4.3±0.4) , which is within error bars of the theoretical scaling relation of Chappell [1974] . In the final section, we summarize our results.
VAP and MMS data
VAP consists of two probes, one leading and one trailing, which have apogees at nearly identical MLT and geocentric distances of 5.8 R E , with roughly 2 hours of orbital phase difference Mauk et al. [2013] . MMS is a four spacecraft constellation with each probe separated by tens of km Burch et al. [2015] . During the first phase of the mission, MMS was in an inclined equatorial orbit with an apogee and perigee at geocentric distances of 12 and 1.1 R E , respectively Fuselier et al. [2016] .
We use data from VAP-A, the leading probe, as it crossed the duskside plasmasphere at low L-shells at nearly the same time MMS crossed the duskside plasmaspheric plume at high L-shells. for their event. We use the Volland-Stern approximation rather than the data from VAP's dedicated set of electric field probes Wygant et al. [2013] , as small-amplitude and quasistatic electric fields are typically difficult to determine with reasonable accuracy. Note also that E = − v × B cannot be determined since the bulk velocity of the cold plasma cannot be accurately determined. We use χ 2 minimization to find the best-fit values of the density and temperature (as well as their associated 2σ uncertainties) for each timedependent measurement of the phase space density. Prior to applying the fit, we use
Poisson uncertainty to assign a confidence level in each energy-dependent phase space density value.
3. Case study of 22 October 2015 For MMS, the fit-determined temperature and the temperature from the standard moments integration (which has been calculated in the energy range E ≤100 eV) are nearly identical, as is shown in 2b. The fit-determined density is lower than the waves-derived density, indicating that the peak of the density profile was not fully captured by the fitting algorithm. For VAP, we do not compare the fit-determined and standard temperatures, as the density ratio indicates that the vast majority (≥ 90%) of the plasma was below 1 eV (see Figure 2f ). For MMS, we use the standard temperature moment as it is nearly identical to the fit-determined temperature. The 2σ uncertainty in the HPCA fit-derived temperature (±8%) has not been shown for this reason. The uncertainty in the HPCA D R A F T August 13, 2018, 12:56am D R A F T fit-derived density was 4.5 cm −3 or ±27%. For VAP, the 2σ uncertainties for both the density and the temperature have been shown explicitly in Figures 2e-f (median values are 2σ T /T = 11% and 2σ n /n = 36%). As discussed in Genestreti et al. [2017] , the fitting algorithm is reasonably successful at determining temperatures for Maxwellian-like plasmas, but very poor at determining densities, especially when only the tail of the distribution function appears in the effective energy window of the instrument.
As discussed in Genestreti et al. [2017] , there is a near-regular oscillatory signature in the low-energy portion of the proton energy-intensity-time spectrogram from VAP-HOPE (see Figure 2d) . The peaks / troughs in the intensity correspond to an anti-alignment / alignment between (a) the portion of phase space that is over sampled by HOPE and temperatures, though the two temperatures were nearly identical. For VAP, temperatures were derived from Maxwellian fits to the HOPE time-dependent fluxes between 16:00 -17:30 UT. After 17:30 UT, VAP-HOPE entered its perigee mode and the low-energy threshold was increased to 25 eV. Before 16:00 UT (near apogee), the ram energy of the spacecraft was small and the spacecraft potential was large compared to the low-energy threshold of HOPE, such that the bulk of the plasmaspheric protons were not observed.
As such, it was not possible to extract reliable temperatures from the HOPE data. For MMS, waves-derived densities were calculated from 16:30 -18:45 UT. After this point, the upper hybrid line grew to frequencies that could not be measured by the electric field double probes.
We have computed rough exponential scaling relations for the proton temperature (Figure 3a) and density vs L-shell (Figure 3b ). First, we determined separate best fit lines for the scaling between the temperature and L within the orbits of VAP and MMS. The factor of proportionality for VAP is -5.9±0.2; for MMS, it is -6.3±0.4. The exponential growth rate for MMS was 0.24±0.02, which was significantly larger than the exponential growth/decay rate for VAP, which was -0.006±0.01. An apparent "knee" existed, for this event at least, near geosynchronous orbit, where the temperature as a function of L changed from being largely constant to highly variable. For the scaling between the density and L-shell, we found a multiplicative scaling factor of 93000 (±2% uncertainty) and a decay rate of -4.3 (±0.4). This is within error bars of the theoretical L −4 scaling rate derived by Chappell [1974] .
As is shown in Figure 3 , the properties of the plasmaspheric protons change dramatically from the base of the equatorial plasmasphere, near the inner radiation belt, to its outermost extent, the magnetopause. For this event, we observed a density decrease of ∼ 1000× and a temperature increase of ∼ 1000×. The temperature gradient is almost exclusively observed in the plume, which was observed by MMS. In the plume, there was a significant population of higher-energy (∼10 keV) protons observed along with the cold plasmaspheric protons, which may indicate that some form of cross-population interaction (e.g., collisional heating, wave-plasma interactions) is responsible for heating the plume Gallagher and Comfort [2016] .
Conclusions
We established scaling relations for the temperature, density, and L-shell for one event, this cold ion diffusion region. Later in the orbit of MMS, we determined that these cold ions, which may affect reconnection, were heated by a factor of 100 and the density was depleted by a factor of 1000 before even reaching the magnetopause. We found that the proton density scales as L −4.3±0.4 , which is very nearly identical to (within error bars of) the theoretical L −4 scaling derived in Chappell [1974] . Lastly, we noted that the vast majority of the proton heating appeared in the plume at large L-shells (L > 7). In the future, it would be desirable to examine additional conjunctions between VAP and MMS so any dependence of the temperature of the plasmasphere on time, MLT, geomagnetic activity, etc. can be examined separately from its dependence on L, which was the focus of this study.
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